The global burden of HIV infection is high, with an estimated 34 million adults and children living with HIV by the end of 2010, the majority of whom reside in sub-Saharan Africa. 1 Evidence from both developed and developing countries demonstrates that antiretroviral therapy (ART) can reduce mortality in HIV-infected adults and children. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, as of 2010, only 21% of eligible African children accessed ART despite scaling up of HIV services, and most national ART programs in the region are not meeting the World Health Organization (WHO) goal that infants and children represent at least 10% to 15% of all patients on ART. 1, 16 Althoughmuch work remains toimprove ART access for HIV-infected African children, notable regional progress has been made in the past decade. Specifically, expanded prevention of mother-tochild transmission (PMTCT) strategies, greater availability of pediatric ART drug formulations, lower thresholds for child and infant ART eligibility including guidelines for universal treatment of HIVinfected infants, and developments in early infant HIV diagnostics such as dried blood spot methodology for virologic testing have contributed to advancing pediatric HIV services in the region. 1, 17 In this context, this study describes our experienceproviding care toHIV-infected childreninMalawi,Lesotho,andSwaziland at Baylor International Pediatric AIDS Initiative (BIPAI) Centers of Excellence. 18 We examine factors related to mortality and immune response to ART and compare our mortality rates with those reported from similar cohorts from both African and US settings.
METHODS

BIPAI has created a network of Centers of Excellence and satellite clinics in 6
African countries in partnership with national governments beginning in 1999. 19, 20 The BIPAI clinics use a multidisciplinary staff including pediatricians, medical officers, clinical officers, nurses, pharmacists, and social workers to provide clinical care, medications, and psychosocial support free of charge to pediatric HIV-infected and exposed patients. BIPAI treatment programs began providing ART to children in 2004, 2005, and 2006 in Malawi, Lesotho, and Swaziland, respectively. The 3 BIPAI clinics had enrolled a combined total of .14 000 patients (∼30% were HIV-exposed and 70% HIV-infected at enrollment), and .5000 patients at the 3 sites had ever been started on ART by end of 2009. 18 Children were initiated on ART per national guidelines which were based on WHO recommendations: clinical stage III or IV, severe immunosuppression per age-specific CD4 thresholds, and presumptive severe HIV disease in infants without virologic confirmation of infection. 21 17 Standard pediatric first-line ART in Lesotho and Swaziland was zidovudine, lamivudine, and nevirapine or efavirenz, stavudine with lamivudine and nevirapine were first-line ART for children in Malawi. Each country used a nucleoside reverse transcriptase inhibitor backbone with boosted lopinavir/ ritonavir for pediatric second-line therapy.
Baseline nutritional status was classified as normal or mild, moderate, or severe acute malnutrition by using weight for height (W/H) tables, z scores, mid-upper arm circumferences (MUAC), and edema assessments in accordance with national recommendations (mild malnutrition = W/H 80%-85%; moderate malnutrition = W/H 70%-79% or MUAC ,12 cm; severe malnutrition: W/H ,70% or MUAC ,11 cm or edema). Chronic forms of malnutrition such as stunting were considered in patients' WHO staging but were not reflected in the baseline assessments of acute malnutrition.
Provision of cotrimoxazole preventive therapy for Pneumocystis jiroveci Ethics approvals were obtained from the national review boards in Malawi, Lesotho, and Swaziland and also from the institutional review board at Baylor College of Medicine, Houston, Texas.
Statistical Analyses
SPSS version 18 (SPSS, Chicago, IL) was used for data analysis. The demographic and clinical features were described for the entire cohort and stratified by site using frequencies for categorical variables and medians and interquartile ranges (IQRs) for continuous variables (all non-Gaussian). Immune status classifications at baseline were done according to CD4 percentages for children ,5 years and by absolute CD4 counts in children $5 years in accordance with WHO guidelines. 24 For the purpose of this study, immune status improvement was defined as an improvement from baseline (ART initiation) in CD4% of .5 percentage points for children ,5 years or absolute CD4 cell count .50 cells/mL for children 5 to 12 years. CD4 counts were measured as 
FIGURE 1
Kaplan-Meier mortality curve for all study participants. ARTICLE part of routine care; therefore, the laboratory values closest in time to 12 months after ART initiation were used. Children who died before 12 months on ART were excluded from the analysis for lack of a second CD4 data point.
Mortality rates were estimated for the entire study period (October 2004-October 2009) and for the first 12 months from ART initiation; patients lost to follow-up (LTFU) were assumed to be alive in the data analysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) were used to estimate the unadjusted and adjusted (using Cox proportional hazards models) associations between overall mortality and each demographic and clinical subgroup. Follow-up time for each patient was calculated from the date of ART initiation to the date of file closure (death, transfer out, LTFU) or the last clinic visit before October 31, 2009. Differences in overall survival probability curves were displayed by using KaplanMeier plots for age and WHO clinical stage at ART initiation. Odds ratios and 95% CIs were used to estimate the unadjusted and adjusted (using logistic regression) association between the baseline features and immune status improvement within the first 12 months of ART initiation. For comparison with rates from other studies, mortality incidence rates and 95% CIs per 100 person-years were estimated under a Poisson distribution.
RESULTS
Included in the study were 2306 HIVinfected infants and children. The median age at ART initiation was 3.1 (IQR 1.4-7.1) years, and median follow-up time on ART was 2.3 (IQR 1.5-3.1) years. At ART initiation, 69.7% of children had advanced HIV disease (WHO stage III or IV), 81.3% had advanced or severe immunosuppression, and 32.8% had some degree of malnutrition (Table 1) . There was a consistent trend of higher rates of baseline immunosuppression in younger patients (Table 2) .
Mortality
As of October 2009, 104 (4.5%) patients died, 208 (9.0%) were LTFU, and 30 (1.3%) discontinued ART before the end of the study period. The combined mortality rate was 2.25 deaths/100 person-years (95% CI 1.84-2.71). Of the 104 deaths, 81 (77.9%) occurred within a year of ART initiation, with a 12-month mortality rate of 3.5% (Fig 1) . Of the 81 patients who died in the first 12 months, 35 (43.2%) were ,1 year of age at ART initiation.
Mortality was strongly related to age at ART initiation (Table 3 and Fig 2) . (Table  3 and Fig 3) .
Unadjusted HRs demonstrated an increased risk of mortality associated with age #36 months at ART initiation, moderate and severe malnutrition, perinatal exposure to PMTCT antiretroviral prophylaxis, and WHO stage IV. In the multivariate analysis, age #36 months and WHO stage IV remained as statistically significant variables (Table 3) . 
Immune Status Improvement
The efficacy of ART as determined by immune status improvement was calculated for1687patientsfromthe3sites(Malawi= 555; Lesotho = 648; Swaziland = 484) who hadatleast2CD4cellcounts;thefirstnear the time of ART initiation and the second after ∼12 months on ART (range 5-18 months, median = 12 months); 90.5% of these patients experienced an improvement in immune status from ART initiation, with patients from Swaziland more likely to have improvement than those from Lesotho or Malawi (Table 4) . Children ,5 years exhibited a mean CD4% increase of 16.6% (SD 9.0%), and those aged $5 years had a mean absolute CD4 cell count increase of 399.9 cells/mL (SD 313.0). In the multivariate analysis, factors associated with less immune status improvement were being enrolled in Lesotho or Malawi, age ,12 months, and WHO stage IV.
DISCUSSION
This study presents data from a large, multicountry pediatric ART cohort. The study was retrospective in methodology using data from routine patient care. The operational nature of the information reflects on-the-ground conditions making the findings more applicable and facilitating comparisons to other programs in our setting.
The overall and 12-month mortality rates from our study (4.5% and 3.5%, respectively) are similar to the International Epidemiologic Databases to Evaluate AIDS in Southern Africa (IeDEA-SA) cohort for childrenremainingincare(4.8%and4.5% respectively). 7 The IeDEA-SA cohort which included 10 ART programs (7 in South Africa, and 1 each in Malawi, Mozambique, and Zimbabwe), had older patients (,16 vs ,12 years), a higher median age at ART initiation (49 vs 37 months), and shorter duration of follow-up (17.3 vs 27.6 months). Despite our cohort including younger patients, with longer periods of follow-up on ART, no large difference in mortality was observed. A second IeDEA-SA study of South African children only reported a 3-year mortality rate of 7.7% and can be used as a benchmark for future analysis of our cohort. 25 Like both IeDEA-SA studies, we found young age and advanced clinical stage at ART initiation to be associated with higher mortality rates.
We also determined an overall mortality rate for our cohort of 2.25 deaths per 100 person-years (95% CI, 1.84-2.71). This is lower than reported rates from another regional pediatric cohort from Kenya between August 2004 and November 2008 which had a mortality rate of 8.4 deaths/100 person-years (95% CI 5.21-12.68). 8 This Kenyan cohort was older at ART
FIGURE 2
Kaplan-Meier mortality curve for age at initiation of ART. Log-rank test (for equality of survival distributions over different age categorizations): P , .0001. HAART, highly active ART.
ARTICLE initiation (4.9 vs 3.1 years), and the authors did not report age-specific mortality.
This study' s lower mortality rates compared with these other regional cohorts may relate to BIPAI' s capacity to deliver integrated, single-site comprehensive HIV care (ie, treatment of opportunistic infections, malaria, malnutrition, and referral for or treatment on site of tuberculosis). The concentration of financial, physical, and human resources, including pediatricians, in the BIPAI clinics is currently not feasible at most government ART sites. However, the BIPAI clinics also serve as referral centers within host countries for complicated and severe cases including children failing ART and those with Kaposi sarcoma, and this could potentially skew mortality rates higher.
Patients LTFU are an important consideration when discussing mortality because a certain percentage of these patients are customarily assumed to have died. 26 LTFU patients were not included in our mortality calculations or in the comparison studies cited earlier.
We had an 8.2% LTFU rate at 12 months after ART initiation and an overall LTFU rate of 9.0% over the entire study period. These are similar to LTFU rates reported in other cohorts of pediatric HIV patients in the region (8.4%-11.5%). 7, 27, 28 If our reported 4.5% mortality is adjusted to assume that 50% of those LTFU had actually died, then our overall mortality would be 9.0%. This corrected mortality rate is similar to a family clinic model of care in South Africa with 0% LTFU and mortality of 9%. 9 Both this pediatric cohort and the family-centered cohort demonstrate a better mortality rate than other regional pediatric cohorts with reported mortality of 8.6% to 13%, which did not account for LTFU. 10, 11, 14, 27 When compared with developed nations, our mortality rate on ART of 2.25 deaths per 100 person-years (95% CI 1.84-2.71) is higher than overall mortality rates reported for HIV-infected children in the United States through the Pediatric AIDS Clinical Trials Group (PATCG). 6 PATCG
FIGURE 3
Kaplan-Meier curve for baseline WHO clinical staging and mortality adjusting for age at ART initiation. Log-rank test (for equality of survival distributions over different WHO stages): P , .0001.
219/219C cited a mortality rate of 1.47 deaths per 100 person-years (95% CI 1.31-1.65) for children between April 1993 and December 2006 and an even lower mortality rate of 0.5 to 0.8 deaths per 100 person-years between 2000 and 2006 in the post-ART era. 6 Direct comparisons are difficult because of the many variables that contribute to higher mortality in the developing world, but we are encouraged that our overall rates are approaching those reported from the United States and hope that we will see a similar trend toward lower, stabilized mortality rates in sub-Saharan Africa as national ART programs mature.
In our study, mortality was highest in the first year of ART, with 78% of all deaths occurring within that period, with decreasing mortality after 1 year on ART. This has been reported previously in both adult and pediatric populations. 8, 11, 15, 29, 30 The advanced immunosuppression and clinical disease often associated with early mortality on ARTreinforce the need for programmatic emphasis on earlier diagnosis, enrollment in care, and initiation of ART.
The higher mortality observed in our cohort among patients aged ,1 year at ART initiation is not surprising because almost all infants in this group were enrolled before implementation of the WHO guidelines for the universal treatment of infants in late 2008 into 2009 at our sites. Ample evidence now shows that infants are at risk for rapid disease progression, CD4 counts and WHO staging are poorly predictive of outcomes, and delaying ART initiation until infants have advanced clinical disease or immunosuppression to initiate ART results in higher mortality rates. 2, 15, 17 More than 90% of the infants in our study had advanced or severe immune suppression at ART initiation. Infants aged ,12 months were also less likely to have improvement in immunologic status, which likely contributed to higher mortality.
Due to standard infant diagnostic protocols in the study countries, virologic testing is performed no earlier than 6 weeks of life, and thus the exact timing of infection in HIV-infected infants is not known. Infants with perinatal infection are at higher risk for early mortality than those infected later through breastfeeding. 31 Late identification of perinatally infected infants likely also contributed to higher mortality in patients aged ,12 months and contrasts with developed settings, where virologic testing of exposed infants begins at birth.
We also found that exposure to perinatal antiretrovirals for the purpose of PMTCT was associated with increased risk of mortality after ART initiation. Details of mortality by specific antiretroviral prophylaxis received are not available, but all 3 countries' PMTCT regimens during the study period included single-dose nevirapine for infants. 22, [32] [33] [34] Relatively small studies have documented the risk of development of nonnucleoside reverse transcriptase inhibitor (NNRTI) resistance after failed single-dose nevirapine prophylaxis in HIV-infected infants, and a recent IeDEA-SA study demonstrated an increased probability of virologic failure after exposure to PMTCT regimens. [35] [36] [37] [38] During the time of this study, Malawi and Swaziland used an NNRTI-based first-line ART regimen for all infants and children regardless of PMTCT exposure, whereas, starting in 2008, Lesotho implemented a policy of using a protease inhibitorbased regimen for children with a history of maternal or infant NNRTI exposure. Given the retrospective design of the study and lack of resistance testing, causality cannot be determined, but 
CONCLUSIONS
This study of a large cohort of HIVinfected children on ART at the BIPAI clinics in Malawi, Lesotho, and Swaziland adds to the growing body of literature demonstrating that infants and children in sub-Saharan Africa can achieve good treatment outcomes and low mortality rates on ART. Despite the challenges associated with the public health approach to implementation of comprehensive pediatric HIV care in developing countries, additional resources need to be directed toward children who are still underrepresented in many national ART programs in the region. Continued research to track long-term outcomes and mortality in children on ART should be a priority as care systems and patients mature, with continued focus on early identification and treatment of high-risk infants.
